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Purpose: Respiratory viruses are important etiologies of community-acquired pneumonia (CAP). 
However, the impact of different RVs on the outcomes of CAP is not well elucidated. This study 
aims to compare the clinical features and severity of influenza (Flu-p) and non-influenza respiratory 
viruses-related pneumonia (NIRVs-p) onset in the community among immunocompetent adults.
Methods: The data of the patients hospitalized with laboratory-confirmed RVs-p were 
retrospectively reviewed from five teaching hospitals in China from January 2013 to May 
2019. Univariate and multivariate logistic regressions were performed to compare the clinical 
characteristics and outcomes between Flu-p and NIRVs-p.
Results: A total of 1079 patients with Flu-p and 341 patients with NIRVs-p were included in 
this study. A multivariate logistic regression model revealed chronic pulmonary disease [odd 
ratio (OR) 0.341, 95% confidence interval (CI) 0.225–0.515, p < 0.001], solid malignant tumor 
(OR 0.330, 95% CI 0.163–0.668, p = 0.002), myalgia (OR 1.697, 95% CI 1.236–2.330, p < 
0.001), lymphocytes <0.8×109/L (OR 10.811, 95% CI 6.949–16.818, p < 0.001) and blood 
albumin <35 g/L (OR 0.327, 95% CI 0.242–0.442, p < 0.001) were predictors for Flu-p. After 
adjusting for confounders, the multivariate logistic regression analysis confirmed that influenza 
B-related pneumonia (FluB-p) (OR 0.419, 95% CI 0.272–0.646, p < 0.001) and NIRVs-p (OR 
0.260, 95% CI 0.158–0.467, p < 0.001) were associated with a decreased risk of 30-day 
mortality compared with the influenza A-related pneumonia (FluA-p).
Conclusion: Our results showed that patients with FluA-p experience a more severe disease 
than those with FluB-p and NIRVs-p. Some clinical features are helpful to distinguish 
between NIRVs-p and Flu-p.
Keywords: influenza, respiratory virus, pneumonia, clinical characteristics, severity

Introduction
Community-acquired pneumonia (CAP) is a common infectious disease, which 
considerably contributes to the morbidities and mortalities despite the advances in 
the medical technology and progression of the economy.1 Its annual incidence 
ranges from 2.7 to 10 per 1000 persons in European countries and 2.67 to 12 per 
1000 persons in the US.2 It is reported by the world health organization (WHO) that 
CAP is the leading cause of death among infectious diseases.1,2

With the development of the molecular diagnostic techniques and wide clinical 
applications, respiratory viruses (RVs), including the influenza virus (IFV), human 
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rhinovirus (hRV), respiratory syncytial virus (RSV), 
human metapneumovirus (hMPV), human parainfluenza 
virus (hPIV), human adenovirus (hAdV), enterovirus 
(EV) and human coronaviruses (hCoV), have been 
increasingly recognized to play an important role in the 
occurrence of CAP.3 Previous research reported the pre-
valence of RVs in CAP to be about 20–50%,4,5 sometimes 
even higher than that of Streptococcus pneumoniae,6 

which was regarded as the most common pathogen in the 
patients with CAP. A meta-analysis including 31 studies 
indicated that the pooled proportion of patients with viral 
infection was 24.5% (95% confidence interval (CI) 21.5– 
27.5%); while the studies that obtained lower respiratory 
samples in >50% of the patients reported the proportion to 
be 44.2% (95% CI 35.1–53.3%).7 In the patients with 
severe CAP that were admitted to the intensive care unit 
(ICU), the overall prevalence of RVs was even as high as 
55%.8 However, except for the influenza virus, the clinical 
characteristics and outcomes of other non-influenza 
respiratory viruses-related pneumonia (NIRVs-p) are still 
not clear. The majority of studies were not designed for 
pneumonia patients, or just focused on immunocompro-
mised hosts, pediatrics and patients resident in healthcare 
institutions.9,10 An improved knowledge of the potential 
role of RVs in immunocompetent adults with pneumonia is 
crucial for the treatment and prevention of respiratory 
viruses-related pneumonia (RVs-p).

In this work, we conducted a multicenter, retrospective 
study aiming to 1) explore the possibility of clinical recog-
nition of Flu-p and NIRVs-p, by comparing their clinical 
features, and 2) evaluate the impact of the virus type on 
the illness severity and outcomes in immunocompetent 
adults hospitalized with community-onset pneumonia in 
China.

Materials and Methods
Study Design and Participants
Hospitalized patients that tested positive for the nucleic 
acid of nine respiratory viruses (influenza virus, human 
rhinovirus, respiratory syncytial virus, human metapneu-
movirus, parainfluenza virus, human adenovirus, human 
enterovirus, human coronavirus and human bocavirus) at 
the microbiology labs of five teaching hospitals in China 
(the details of the participating centers are listed in 
Supplementary material 1) in the period from January 1, 
2013 to May 31, 2019 were screened. The patients with 
laboratory-confirmed RVs-p were included. The exclusion 

criteria were as follows: 1) patients aged less than 18 
years; 2) patients not classified as community-onset pneu-
monia (pneumonia onset ≥48 h post-admission and hospi-
talized within the last 28 days),11 since it was difficult to 
confirm the association between RVs and nosocomial 
pneumonia; 3) immunocompromised patients, since the 
clinical characteristics and outcomes of immunocompro-
mised patients with RVs-p might be different from that of 
immunocompetent hosts;12 4) patients coinfected with ≥2 
respiratory viruses, to assess the impact of each kind of 
respiratory viruses on the outcomes and disease severity of 
pneumonia.

Disease and Treatment Definitions
The patients with RVs-p were defined as the patients that 
were positive for the nucleic acids of RVs using the poly-
merase chain reaction (PCR) from respiratory specimens 
(i.e., nasal/nasopharyngeal swabs, sputum, bronchial aspi-
rates or bronchoalveolar lavage fluid), and manifested with 
respiratory symptoms together with newly emerging pul-
monary infiltrates on the chest radiographs. The systemic 
corticosteroid use was defined as at least one dose of any 
systemic corticosteroid administrated during hospitaliza-
tion. The community-acquired respiratory coinfected 
pathogens were defined as any pathogen identified within 
the first 48 hours after admission using the standard micro-
biologic procedures (the microbiological criteria of coin-
fection are shown in Supplementary material 2).13 The 
antiviral treatment was defined as the administration of 
neuraminidase inhibitor in influenza patients, since no 
antiviral medications are approved in adults with other 
respiratory viruses’ infections.14

Data Collection
The following information was retrospectively collected 
from the medical records using a standardized data collec-
tion form, including the demographic conditions, under-
lying disease (comorbidities are defined in Supplementary 
material 3), clinical symptoms, vital signs, laboratory and 
radiological findings, CURB-65 score (mental confusion, 
urea, respiratory rate, blood pressure, age ≥65 years) and 
pneumonia severity index (PSI) at admission, community- 
acquired respiratory coinfections, management and out-
comes (the administration of neuraminidase inhibitors, 
antibiotics, systemic corticosteroids and vasopressor 
agents, invasive and non-invasive mechanical ventilation, 
complications during hospitalization, admittance to the 
ICU, length of hospital stay and 30-day mortality). The 
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patients with a hospital stay <30 days were followed up by 
a phone call to determine the survival status.

Statistical Analysis
The data were analyzed for normality using the 
Kolmogorov–Smirnov test. The measurement data with a 
normal distribution are shown as the mean ± standard 
deviation, while those with a non-normal distribution are 
expressed as the median. The categorical variables were 
analyzed using the Chi-square or Fisher’s exact test, while 
the continuous variables were analyzed using the Student’s 
t-test or Mann–Whitney U-test. A p-value ≤0.05 was con-
sidered to be statistically significant. All the probability 
tests were two-tailed.

The demographic and baseline clinical features 
between the patients with Flu-p and those with NIRVs-p 
were compared. The variables with a p-value ≤0.05 in the 
univariate analysis were entered into the multivariate 
logistic regression to identify the predictors for Flu-p.

A multivariate logistic regression analysis was con-
ducted to evaluate the impact of the virus type on the 
outcomes (invasive ventilation, ICU admission and 30- 
day mortality) of pneumonia, after adjustment for the 
factors of age, sex, duration from illness onset to admis-
sion, comorbidities, pregnancy, obesity, smoking history, 
systemic corticosteroid use, antiviral treatment and coin-
fection with other pathogens. These risk factors were pre-
viously reported to be associated with the clinical 
outcomes in patients with influenza or other respiratory 
viruses’ infections and served as confounders.

According to the survival status within 30 days after 
admission, all the RVs-p patients were divided into the 
deceased group and the survival group, and the baseline 
characteristics of the patients were then compared between 
the two groups. In order to explore the risk factors for 30- 
day mortality in RVs-p patients, the variables with a p- 
value ≤0.05 in the univariate analysis were entered into the 
multivariate logistic regression analysis. All the analyses 
were performed using the Statistical Package for Social 
Science 22.0 (SPSS, Chicago, IL, USA).

Results
Screening Process
We screened 4150 patients with nucleic acids that were 
positive for respiratory viruses. A total of 1420 laboratory- 
confirmed RVs-p patients were recruited, including 693 
patients with influenza A-related pneumonia (FluA-p), 

386 patients with influenza B-related pneumonia (FluB- 
p), 127 patients with RSV-related pneumonia (RSV-p), 66 
patients with hRV-related pneumonia (hRV-p), 42 patients 
with hPIV-related pneumonia (hPIV-p), 55 patients with 
hMPV-related pneumonia (hMPV-p) and 51 patients with 
hAdV-related pneumonia (hAdV-p) (Figure 1). Among the 
FluA-p patients, 38.1% (264/693) were infected with A 
(H1N1) pdm09, 11.0% (76/693) were infected with A 
(H3N2), and 50.9% (353/693) of the patients were infected 
with an unclassified subtype.

Distribution of the Patients with RVs-p by 
Months
The distribution of the patients with RVs-p by months in 
our study is showed in Supplementary Figure 1. The cases 
of FluA-p, FluB-p, RSV-p and hMPV-p generally had a 
similar seasonality covering the period from October to 
May, and the peak was during December through 
February. Meanwhile, the cases of hPIV-p covered the 
period from October to June, with the peak during 
January to April. The cases of hRV-p and hAdv-p were 
relatively equally distributed.

Overview of the Demographic and 
Clinical Features of Patients with Flu-p 
and NIRVs-p
In total, 54.1% (584/1079) of the Flu-p patients were 
males, and the median age was 61.0 years old. The top 
three chronic underlying conditions were the cardiovascu-
lar disease (24.0%, 259/1079), diabetes mellitus (11.8%, 
27/1079) and cerebrovascular disease (9.0%, 97/1079). 
Twenty-nine percent (313/1079) of the patients had a 
history of smoking. The most frequent symptoms at 
admission were cough (98.2%, 1060/1079), sputum pro-
duction (79.1%, 854/1079) and fever (75.4%, 814/1079). 
PO2/FiO2 <250 mmHg and multilobar infiltrates on the 
chest radiology could be seen in 30.2% (310/1025) and 
73.6% (794/1079) of the Flu-p patients, respectively. In 
total, 71.0% (760/1071) and 51.3% (436/850) of Flu-p 
patients were classified as CURB-65 score 0 ~ 1 and PSI 
risk classI~II, respectively (Table 1).

Thirty-four percent (367/1079) of the Flu-p patients 
were coinfected with other community-acquired patho-
gens. The most common etiology was Klebsiella pneumo-
niae (31.6%, 116/367), followed by Streptococcus 
pneumoniae (29.7%, 109/367) and Staphylococcus aureus 
(19.3%, 71/367) (Supplementary material 4).
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Among the NIRVs-p patients, 54.3% (185/341) were 
males, and the median age was 60.0 years old. The top 
three underlying diseases were the cardiovascular disease 
(25.2%, 86/341), chronic pulmonary disease (COPD) 
(18.5%, 63/341) and cerebrovascular disease (12.3%, 42/ 
341). The prevalence of obesity was 18.5% (63/341), and 
33.4% (114/341) of the patients had a smoking history. 
The most common symptoms were cough (97.4%, 332/ 
341), fever (67.2%, 229/341) and dyspnea (54.8%, 187/ 
341). The frequencies of confusion and respiratory rates 
>30 beats/min were 6.7% (23/341) and 13.8% (47/341), 
respectively. The rates of lymphocytes <0.8×109/L, blood 
albumin <35 g/L and PO2/FiO2 <250 mmHg were 
observed in 7.3% (25/341), 38.7% (132/341) and 26.1% 
(89/341) of the NIRVs-p patients, respectively. The pro-
portion of multilobar infiltrates and pleural effusion on the 
chest radiology were 68.2% (234/341) and 28.4% (97/ 
341), respectively. And, 71.3% (243/341) and 55.1% 
(188/341) of the patients with NIRVs-p were identified 
as CURB-65 score 0 ~ 1 and PSI risk classⅠ~Ⅱ, respec-
tively (Table 1).

The detailed clinical characteristics and outcomes of 
the patients with each specific RV-p are shown in 
Supplementary material 4 and Supplementary material 5.

A coinfection with other community-acquired patho-
gens was identified in 30.5% (104/341) of the NIRVs-p 
patients, with the top three etiologies being Klebsiella 
pneumoniae (37.5%, 39/104), Staphylococcus aureus 
(18.3%, 19/104) and Haemophilus influenzae (16.3%, 17/ 
104) (Supplementary material 6).

Overview of the Management and Clinical 
Outcomes of Patients with Flu-p and 
NIRVs-p
Antibiotics and neuraminidase inhibitors were admini-
strated to all the Flu-p patients after admission. In total, 
24.3% (262/1079) of the Flu-p patients received systemic 
corticosteroids during hospitalization, while 23.1% (249/ 
1079), 24.6% (265/1079) and 8.2% (89/1079) developed 
respiratory failure, heart failure and septic shock, respec-
tively. In total, 17.9% (193/1079) of the Flu-p patients 
received invasive ventilation and 22.4% (242/1079) were 
admitted to the ICU. The 30-day mortality of the Flu-p 
patients was 19.3% (208/1079), as shown in Table 2.

All the NIRVs-p patients received antibiotics, while 
none of them received approved antiviral agents. Non- 
invasive ventilation and invasive ventilation were 

Figure 1 Screening algorithm of patients hospitalized with RVs-p.  
Notes: A total of 4150 patients with nucleic acids positive for respiratory viruses were screened, and 1420 eligible patients with respiratory viruses-related pneumonia were 
included in the study.
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conducted in 15.5% (53/341) and 8.2% (28/341) of the 
patients, respectively. The most common complications 
during hospitalization were heart failure (14.4%, 49/341), 
respiratory failure (13.8%, 47/341) and septic shock 
(3.2%, 11/341). Also, 9.1% (31/341) of the NIRVs-p 
patients were admitted to the ICU, and the 30-day mortal-
ity was 9.4% (32/341) (Table 2).

Predictors for Flu-p
A multivariate logistic regression model revealed that the 
factors of COPD (odd ratio (OR) 0.341, 95% confidence 
interval (CI) 0.225–0.515, p < 0.001), solid malignant 
tumor (OR 0.330, 95% CI 0.163–0.668, p = 0.002), myal-
gia (OR 1.697, 95% CI 1.236–2.330, p < 0.001), lympho-
cytes <0.8×109/L (OR 10.811, 95% CI 6.949–16.818, p < 
0.001) and blood albumin <35 g/L (OR 0.327, 95% CI 
0.242–0.442, p < 0.001) were independent predictors for 
Flu-p (Figure 2).

Impact of the Virus Type on the Clinical 
Outcomes
Compared with FluA-p, a univariate logistic regression 
suggested that FluB-p was associated with a decreased 
risk for invasive ventilation (OR 0.338, 95% CI 0.229– 
0.499, p < 0.001) and ICU admission (OR 0.606, 95% CI 
0.442–0.831, p = 0.002), but not for the 30-day mortality 
(OR 0.939, 95% CI 0.684–1.290, p = 0.698). On the other 
hand, NIRVs-p was associated with a decreased risk for 
invasive ventilation (OR 0.303, 95% CI 0.198–0.464, p < 
0.001), ICU admission (OR 0.304, 95% CI 0.203–0.455, 

Table 1 Comparison of Clinical and Radiologic Features 
Between Patients with Flu-p and NIRVs-p

Variables Flu-p (n = 
1079)

NIRVs-p 
(n = 341)

p 

value

Age (median, IQR, years)* 61.0 (49.0– 

78.0)

60.0 (42.0– 

70.0)

0.003

Male (n, %) 584 (54.1) 185 (54.3) 0.967

Days from disease onset to 

admission (median, IQR)

3.0 (2.0–4.0) 4.0 (3.0– 

6.0)

0.480

Comorbidities (n, %)

Cardiovascular disease 259 (24.0) 86 (25.2) 0.648

Diabetes mellitus 127 (11.8) 38 (11.1) 0.753

Cerebrovascular disease 97 (9.0) 42 (12.3) 0.072

COPD* 91 (8.4) 63 (18.5) <0.001
Asthma 33 (3.0) 12 (3.5) 0.672

CKD 30 (2.8) 15 (4.4) 0.137

Solid malignant tumor* 24 (2.2) 22 (6.5) <0.001

Obesity (n, %)* 76 (7.0) 63 (18.5) <0.001
Pregnancy (n, %) 8 (0.7) 0 (0.0) 0.238

Smoking history (n, %)* 313 (29.0) 114 (33.4) <0.001

Baseline clinical and 

radiologic features (n, %)

Fever ≥38°C* 814 (75.4) 229 (67.2) 0.003
Nosal congestion 194 (18.0) 62 (18.2) 0.933

Rhinorrhea 234 (21.7) 61 (17.9) 0.132

Sore throat 202 (18.7) 60 (17.6) 0.640

Myalgia* 376 (34.8) 73 (21.4) <0.001
Diarrhea 8 (0.7) 5 (1.5) 0.369

Cough 1060 (98.2) 332 (97.4) 0.209

Sputum production* 854 (79.1) 127 (37.2) <0.001
Chest pain 182 (16.9) 56 (16.4) 0.848

Dyspnea* 690 (63.9) 187 (54.8) 0.003
Confusion 150 (13.9) 42 (12.3) 0.456

Respiratory rates ≥30 

beats/min

146 (13.5) 47 (13.8) 0.906

SBP <90mmHg 15 (1.4) 4 (1.2) 0.973

Rhonchi 187 (17.3) 67 (19.6) 0.330

Moist rale 31 (2.9) 6 (1.8) 0.261

Leukocytes >10×109/L 283 (26.2) 73 (21.4) 0.076

Lymphocytes <0.8×109/L* 480/1063 (45.2) 25 (7.3) <0.001
HB <100 g/L 240 (22.2) 64 (18.8) 0.173

ALB <35 g/L* 187/1025 (18.2) 132 (38.7) <0.001
BUN > 7 mmol/L* 446/1071 (41.6) 113 (33.1) 0.005
PO2/FiO2 <250 mmHg 310/1025 (30.2) 89 (26.1) 0.145

Radiology (n, %)

Multilobar infiltrates 794 (73.6) 234 (68.6) 0.087

Pleural effusion 339 (31.4) 97 (28.4) 0.300

CURB-65 score <0.001
0–1 760/1071 (71.0) 243 (71.3)

2 180/1071 (16.8) 74 (21.7)

3–5 131/1071 (12.2) 24 (7.0)

(Continued)

Table 1 (Continued). 

Variables Flu-p (n = 
1079)

NIRVs-p 
(n = 341)

p 

value

PSI risk class <0.001
I–II 436/850 (51.3) 188 (55.1)

III 139/850 (16.4) 84 (24.6)

IV–V 275/850 (32.3) 69 (20.2)

Coinfections (n, %) 367 (34.0) 104 (30.5) 0.230

Notes: *The values were entered into the multivariate logistic regression model; 
the bolded values are p-values <0.05, which represented significant differences 
between Flu-p patients and NIRVs-p patients. 
Abbreviations: Flu-p, influenza-related pneumonia; NIRVS-p, non-influenza 
respiratory viruses-related pneumonia; IQR, interquartile range; COPD, chronic 
obstructive pulmonary disease; CKD, chronic kidney disease; SBP, systolic blood 
pressure; HB, haemoglobin; ALB, albumin; BUN, blood urea nitrogen; PO2/FiO2, 
arterial pressure of oxygen/fraction of inspiration oxygen; CURB-65, mental con-
fusion, urea, respiratory rate, blood pressure, age ≥65 years; PSI, pneumonia 
severity index.
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p < 0.001) and 30-day mortality (OR 0.424, 95% CI 
0.282–0.639, p < 0.001); this also applies to each specific 
non-influenza virus type (Table 3).

After adjusting for the factors of age, sex, comorbid-
ities, obesity, smoking history, pregnancy, antiviral treat-
ment, systemic corticosteroids use and coinfections, the 
multivariate logistic regression analysis confirmed that, 
compared with FluA-p, FluB-p was related to a decreased 
risk for invasive ventilation (OR 0.200, 95% CI 0.127– 
0.315, p < 0.001), admittance to the ICU (OR 0.546, 95% 

CI 0.363–0.820, p = 0.004) and 30-day mortality (OR 
0.419, 95% CI 0.272–0.646, p < 0.001), while NIRVs-p 
was associated with a decreased risk for invasive ventila-
tion (OR 0.273, 95% CI 0.175–0.425, p < 0.001), ICU 
admission (OR 0.325, 95% CI 0.212–0.425, p < 0.001) 
and 30-day mortality (OR 0.260, 95% CI 0.158–0.467, p < 
0.001). The same associations were seen in all the specific 
non-influenza viruses, except for the risk for ICU admis-
sion (OR 0.477, 95% CI 0.190–1.196, p = 0.114) in 
hMPV-p that was similar to that of FluA-p (Table 3).

The survival curves showed the 30-day mortality of the 
FluA-p patients was significantly higher than that of FluB- 
p and the patients of each NRIV-p after being adjusted for 
confounders (Supplementary Figure 2).

Risk Factors for the 30-Day Mortality in 
RVs-p Patients
Compared with the survived patients, the deceased patients 
showed older age (median: 68.0 years vs 59.0 years, p = 
0.001), longer duration from illness to admission (median: 
4.0 days vs 3.0 days, p = 0.029) and more frequent FluA-p 
(56.7% vs 47.2%, p = 0.008). The proportion of cardio-
vascular disease (38.8% vs 21.4%, p < 0.001), COPD 
(18.3% vs 9.3%, p < 0.001) and chronic kidney disease 
(7.9% vs 2.2%, p < 0.001) were higher in the deceased 
patients than the survived ones. Confusion (35.4% vs 
9.1%, p < 0.001), lymphocytes <0.8×109/L (75.0% vs 
27.9%, p < 0.001), hemoglobin <100 g/L (41.3% vs 
17.4%, p < 0.001), blood urea nitrogen >7 mmol/L 
(74.2% vs 32.5%, p < 0.001) and PO2/FiO2 <250 mmHg 
(30.8% vs 28.1%, p = 0.044) were more frequent in the 

Table 2 Comparison of Clinical Management and Outcomes 
Between Patients with Flu-p and NIRVs-p

Variables Flu-p 
(n = 1079)

NIRVs-p 
(n = 341)

p 

value

Systemic corticosteroid use 

(n, %)

262 (24.3) 43 (12.6) <0.001

Antiviral treatment (n, %) 1079 (100.0) 0 (0.0) <0.001
Non-invasive ventilation (n, %) 279 (25.9) 53 (15.5) <0.001
Invasive ventilation (n, %) 193 (17.9) 28 (8.2) <0.001
Vasopressor use (n, %) 40 (3.7) 8 (2.3) 0.225

Complications (n, %)

Respiratory failure 249 (23.1) 47 (13.8) <0.001
Heart failure 265 (24.6) 49 (14.4) <0.001
Septic shock 89 (8.2) 11 (3.2) 0.002
Acute renal failure 66 (6.1) 9 (2.6) 0.012
ICU admission (n, %) 242 (22.4) 31 (9.1) <0.001
Length of stay in hospital 

(median, IQR, days)

10.0 (8.0–14.0) 11.0 (8.0–14.0) 0.007

30-day mortality (n, %) 208 (19.3) 32 (9.4) <0.001

Notes: The bolded values are p-values <0.05, which represented significant differ-
ences between Flu-p patients and NIRVs-p patients. 
Abbreviation: ICU, intensive care unit.

Figure 2 Forest plot of predictors for Flu-p.  
Notes: Malgia and lymphocytes <0.8×109/L were positively associated with Flu-p; while COPD, solid malignant tumor and blood albumin <35 g/L were positively associated 
with NIRVs-p.
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deceased patients, while obesity (5.8% vs 10.6%, p = 
0.024) and blood albumin <35 g/L (16.3% vs 24.9%, p = 
0.004) was less frequent. More deceased patients were 
given systemic corticosteroids (49.6% vs 15.8%, p < 
0.001) and antiviral medications (86.7% vs 73.8%, p < 
0.001) than the survived patients (Supplementary mate 
rial 7).

A multivariate logistic regression model revealed that 
the factors of age (OR 1.021, 95% CI 1.009–1.033, p = 
0.001), FluA-p (OR 3.556, 95% CI 2.274–5.559, p < 
0.001), COPD (OR 1.766, 95% CI 1.067–2.925, p = 
0.027), chronic kidney disease (OR 3.899, 95% CI 
1.817–8.363, p < 0.001), smoking history (OR 6.488, 
95% CI 4.043–10.412, p < 0.001), confusion (OR 2.914, 
95% CI 1.746–4.862, p < 0.001), lymphocytes <0.8×109/L 
(OR 4.471, 95% CI 2.820–7.091, p < 0.001), blood urea 
nitrogen >7 mmol/L (OR 5.398, 95% CI 3.430–8.495, p < 
0.001) and PO2/FiO2 <250 mmHg (OR 1.504, 95% CI 
1.041–2.172, p = 0.030) were independent risk factors 

for the 30-day mortality among the RVs-p patients 
(Table 4).

Discussion
The presented multicenter, real-world study with a rela-
tively large sample had two important findings: 1) 
although Flu-p and NIRVs-p showed similar clinical 

Table 3 Impact of Viruses Types on Clinical Outcomes of Patients with RVs-p

Clinical Outcomes Virus Type Cases (n, %) Univariate Logistic Analysis Multivariate Logistic Analysis

OR (95% CI) p-value *aOR (95% CI) p-value

Invasive ventilation Flu A 158 (22.8) Ref Ref
Flu B 35 (9.1) 0.338 (0.229–0.499) <0.001 0.200 (0.127–0.315) <0.001

RSV 14 (11.0) 0.420 (0.234–0.752) 0.003 0.370 (0.198–0.691) 0.002

hRV 6 (9.1) 0.339 (0.144–0.798) 0.013 0.299 (0.124–0.717) 0.007
hPIV 1 (2.4) 0.083 (0.011–0.605) 0.014 0.074 (0.010–0.557) 0.011

hMPV 6 (10.9) 0.415 (0.174–0.986) 0.046 0.341 (0.139–0.840) 0.019

hAdV 1 (2.0) 0.068 (0.009–0.494) 0.008 0.087 (0.012–0.641) 0.017
NIRVs 28 (8.2) 0.303 (0.198–0.464) <0.001 0.273 (0.175–0.425) <0.001

Admittance to ICU Flu A 176 (25.4) Ref Ref
Flu B 66 (17.1) 0.606 (0.442–0.831) 0.002 0.546 (0.363–0.820) 0.004

RSV 14 (11.0) 0.364 (0.204–0.651) 0.001 0.513 (0.275–0.957) 0.036

hRV 7 (10.6) 0.349 (0.156–0.777) 0.010 0.259 (0.112–0.599) 0.002
hPIV 1 (2.4) 0.072 (0.010–0.525) 0.009 0.073 (0.010–0.540) 0.010

hMPV 6 (10.9) 0.360 (0.151–0.854) 0.020 0.477 (0.190–1.196) 0.114

hAdV 3 (5.9) 0.184 (0.056–0.597) 0.015 0.206 (0.062–0.685) 0.010
NIRVs 31 (9.1) 0.304 (0.203–0.455) <0.001 0.325 (0.212–0.425) <0.001

30-day mortality Flu A 136 (19.6) Ref Ref
Flu B 72 (18.7) 0.939 (0.684–1.290) 0.698 0.419 (0.272–0.646) <0.001

RSV 18 (14.2) 0.676 (0.397–1.152) 0.150 0.422 (0.219–0.813) 0.010

hRV 5 (7.6) 0.336 (0.132–0.852) 0.022 0.167 (0.061–0.457) <0.001
hPIV 1 (2.4) 0.100 (0.014–0.733) 0.023 0.109 (0.014–0.820) 0.031

hMPV 4 (7.3) 0.321 (0.114–0.904) 0.031 0.192 (0.061–0.599) 0.004
hAdV 4 (7.8) 0.349 (0.123–0.984) 0.047 0.261 (0.061–0.835) 0.024

NIRVs 32 (9.4) 0.424 (0.282–0.639) <0.001 0.260 (0.158–0.467) <0.001

Notes: *Adjusted for age, sex, comorbidities, obesity, smoking history, pregnancy, antiviral treatment, systemic corticosteroids use and coinfections. 
Abbreviations: OR, odd ratio; CI, confidence interval.

Table 4 Risk Factors for 30-Day Mortality in Patients with RVs-p

Variables OR (95% CI) p value

Age 1.021 (1.009–1.033) 0.001
FluA-p 3.556 (2.274–5.559) <0.001

COPD 1.766 (1.067–2.925) 0.027

CKD 3.899 (1.817–8.363) <0.001
Smoking history 6.488 (4.043–10.412) <0.001

Confusion 2.914 (1.746–4.862) <0.001

Lymphocytes <0.8×109/L 4.471 (2.820–7.091) <0.001
BUN >7 mmol/L 5.398 (3.430–8.495) <0.001

PO2/FiO2 <250 mmHg 1.504 (1.041–2.172) 0.030
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presentations in general, some clinical features could serve 
as useful indicators of the differential diagnosis; and 2) the 
specific respiratory virus types had a different impact on 
pneumonia. The clinical outcomes of FluA-p were signifi-
cantly worse than those of FluB-p and NIRVs-p in Chinese 
patients.

In accordance with most previous reports,4,7,8 in our 
study, the influenza virus was the most frequently identi-
fied etiology among the patients with RVs-p. A prospec-
tive research from China suggested that the influenza 
virus, RSV and hMPV presented the same seasonal pattern 
with the peaks being during winter to spring, while hPIV 
peaked in spring to early summer. On the other hand, the 
seasonalities of hRV and hAdV were not obvious.15 This 
was also observed in our study.

Although the RVs-p showed similar symptoms, we 
found that some clinical characteristics could actually be 
used in the differential diagnosis. In our study, myalgia 
and lymphocytes <0.8×109/L were proven to be associated 
with an increased risk for Flu-p, while the presence of 
chronic pulmonary disease (COPD), solid malignant and 
blood albumin <35 g/L favored NIRVs-p. Previous studies 
suggested that the severe infection of RSV, hPIV and 
hMPV is more likely to occur in patients with older age, 
malnutrition, systemic underlying disease and immuno-
compromising factors.16,17 Kim et al found hRV was the 
most common pathogen among viral pneumonia adult 
patients with cancer in Korea.18 In the study by Jin, solid 
cancer (OR 3.85, 95% CI 1.65–9.02) was independently 
associated with RSV pneumonia, which suggested that 
even young adults could suffer from severe RSV 
infection.19 Bénézit et al20 investigated 1421 patients 
with influenza-like illness (ILL) during three influenza 
seasons. They found that, compared with the patients 
with influenza, the patients with non-influenza respiratory 
viruses’ infection were more frequently diagnosed with 
cancer and chronic respiratory disease, and the chronic 
respiratory disease (OR 1.5, 95% CI 1.1–2.0) was con-
firmed to be associated with an increased detection of a 
non-influenza viruses’ infection by a multivariate analysis. 
Additionally, several studies suggested that COPD was a 
risk factor for an infection by non-influenza respiratory 
viruses,21,22 these viruses were proven to be common 
triggers for the acute exacerbation of COPD.23,24 

Jennings et al25 found that the symptom of myalgia was 
common in viral pneumonias (OR 3.62, 95% CI 1.29– 
10.12). However, it is more likely associated with influ-
enza pneumonia (OR 190.72, 95% CI 3.68–9891.91) 

compared with non-viral one. The study by Pedersen26 

also suggested that myalgia was a clinical predictor that 
is positively associated with influenza compared with 
other the infections of respiratory viruses in the patients 
with ILL. In addition to the above-discussed key findings, 
we found that having lymphocytes <0.8×109/L could 
effectively discriminate between NIRVs-p and Flu-p. 
This finding appears to be novel and has not been pre-
viously reported. Lymphopenia was very common in 
severe influenza with an incidence rate of 50–100%,27 

and was associated with reduced T lymphocytes in the 
peripheral blood.28 Previous research suggested that lym-
phopenia was an early and reliable laboratory finding in 
adults with influenza A infection. In the study by 
Merekoulias et al,29 lymphopenia appeared to be a marker 
for the A (H1N1) virus infection and could be used as a 
screening tool for the influenza infection differentiating it 
from ILL caused by other respiratory viruses. Cunha30 

reviewed 37 patients with ILL and found that lymphopenia 
with monocytosis was a surrogate marker for influenza A 
infection compared with the infections of hRV, hMPV and 
RSV. When persisting for >3 days, it was powerful to 
differentiate the diagnosis from hPIV infection. It was 
noteworthy that previous studies suggested that lympho-
penia was not only a marker for influenza virus infection 
but also a predictor for poor outcomes in severe influenza 
and other non-influenza viral pneumonia,31,32 which was 
also confirmed by our study.

The clinical outcomes of infectious diseases are related 
to many factors, such as the hosts, pathogens and environ-
ment. Although some studies investigated the severity of 
influenza and other non-influenza viruses’ infections, the 
results were too inconsistent due to the study settings, 
populations, sample size and the ability to control potential 
confounders. For example, Lee et al16 retrospectively 
reviewed 607 patients with RSV infection and 547 patients 
with seasonal influenza that were admitted to three acute 
care general hospitals in Hong Kong. They found that the 
overall outcomes of survival and length of stay were not 
significantly different between the patients with RSV and 
those with the influenza infection. However, in their study, 
only 42.3% and 36.7% of the patients with RSV and 
influenza infection had evidences of pneumonia, respec-
tively. As a result, their conclusions were unsuitable for 
the respiratory viruses-associated pneumonia. The study 
by Bjarnason et al33 only directly compared the outcomes 
of CAP patients with influenza and non-influenza viruses 
and did not control any confounders. Similarly, in the 
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research by Zhou et al,34 only few confounders were 
adjusted in the multivariate regression model as no differ-
ences in the severe outcomes were found.

In our study, the large sample size allowed us to con-
trol and adjust for as many potential confounders as pos-
sible. In order to further minimize the bias, we used two 
methodologies to control for the confounders. Both sets of 
results confirmed the association between FluA-p and 
increased risk for mortality. Our study revealed the direct 
effect of the virus types on the outcomes and disease 
severity of pneumonia, which was in accordance with 
some previous reports. Katsurada et al35 conducted a pro-
spective study that included 2617 patients with pneumo-
nia. After adjusting for the factors of age, study site, 
comorbidity status, duration of symptoms, month of diag-
nosis, antibiotic use and presence of bacteria, they found 
that the influenza infection was associated with an 
increased risk for in-hospital mortality (relative risk (RR) 
1.13, 95% CI 0.60–2.13), while the paramyxovirus (RSV/ 
hMPV/hPIV) was related to a decreased risk (RR 0.29, 
95% CI 0.12–0.71) compared with the case of no virus 
infection. The prospective study by Qu et al36 also con-
firmed that influenza A (H1N1) pneumonia was recog-
nized with an elevated pneumonia severity index 
compared with influenza B and other respiratory viral 
pneumonia.

Our study had some limitations. First, the retrospective 
nature meant some unavoidable selection bias. For exam-
ple, the nucleic acid tests were performed by the subjective 
judgement of the attending physicians. It was possible that 
more severe (or milder) patients were inclined to be tested; 
thus, not all respiratory cases were eligible for swabbing 
and there was some kind of selection. Specifically, patients 
infected with human enterovirus, human coronavirus or 
human bocavirus were not included, so they could not be 
compared with patients with FluA-p in this study. Second, 
due to the retrospective design, the impact of vaccination 
on the disease severity could not be evaluated, and the 
incomplete data might have lowered the accuracy of our 
results. Third, there exists some evidence indicating the 
different severity of respiratory virus subtypes.37,38 

However, most patients were not tested for subtypes in 
our study. Further work needs to be focused on the com-
parison of the clinical features by different subtypes. 
Finally, the population of our study consisted of immuno-
competent and adult hospitalized patients. The conclusions 
should be prudently assessed prior to be considered for 
immunocompromised and pediatric patients.

Conclusions
Our study showed that the disease severity of FluA-p is 
worse than that of FluB-p and NIRVs-p in Chinese patients. 
Although some clinical features are helpful to discriminate 
the pneumonia caused by influenza and other respiratory 
viruses, the differences in the outcomes highlight the impor-
tance of the virus strains testing in the clinical management 
of viral pneumonia. Additionally, our results provide a theo-
retical basis for the development of antiviral medications and 
optimizing the strategy of vaccination in public health.
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